A short review concerning new polar steroids isolated from starfish with 75 citations is given. This review covers the literature published from 2001 through 2007. The emphasis is on new structures, together with their relevant biological activities, source organisms, and localities of collections.
Introduction
Steroid compounds having three or more hydroxy groups and/or such polar groups such as monosaccharide residues, sulfates, phosphates, and nitrogen-containing fragments are usually referred to as polar steroids [1] . Some representatives of this group, including steroidal hormones and their synthetic analogs, are widely used in medicine as anti-inflammatory, anabolic and contraceptive drugs. Several marine natural products in this polar steroid group, for example contignasterol and squalamine, are of interest and may be considered as pharmaceutical leads [1] . The search for new polar steroids from marine organisms provides new information about structural diversity and properties of these compounds.
Echinoderms represent an outstanding source of polar steroids of a great structural diversity, showing various biological activities. Among five living classes of the phylum Echinodermata (starfish, brittle stars, sea urchins, sea cucumbers, and crinoids), two classes, Asteroidea (starfish) and Ophiuroidea (brittle stars), are especially rich in polar steroids. Studies on polar steroids from starfish carried out before 1993 were reviewed by Minale et al. [2] . The corresponding data published over the next eight years were discussed in the review by one of us [1] and partly by Iorizzi et al. [3] . The present review is an attempt to generalize the literature data on polar steroids from starfish covering the period 2001-2007.
Polyhydroxysteroids
Polyhydroxysteroids from starfish are natural products containing from four to nine hydroxy groups in a steroidal nucleus and side chains. It is of special interest that all the groups were found only in positions restricted within some limits. They usually occupy 3β, 6α (or β), 15α (or β), and 16β positions in the steroidal nucleus, although hydroxy groups may be occasionally indicated at 4β, 5α, 7α (or β), and 8 positions. Side chains of these compounds are very diverse, but, in the majority of the polyhydroxysteroids, hydroxy groups in these side chains are attached to C-24, and either C-26 or to one of the carbons in alkyl constituents at C-24 (rarely to C-25). Penta-and hexaols are predominant natural products of this type.
About fifty new polyhydroxysteroids have been found from starfish over the last few years. Important studies were carried out by Korean scientists [4] [5] [6] . They have isolated thirteen new polyhydroxysteroids, named certonardosterols A-M (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) , from the brine shrimp active fraction of the starfish Certonardoa semiregularis [4] collected near Komun Island, Republic of Korea. The side chains of 9 and 10 were encountered for the first time in naturally occurring, oxidized sterols. Compounds 1-10 were assayed for antibacterial activities against 20 clinically isolated strains. Most P. aeruginosa 1771M. The next study on the same starfish species yielded twenty-three new polyhydroxysteroids , five of them (14, 15, (19) (20) (21) being tetraols, rarely found in starfish earlier [5, 6] . Steroids 25-31 represent unusual examples of 15-keto steroids from starfish. Similar steroids were earlier found only in a few starfish species. Moreover, compounds 28-31 contain a double bond in the steroid nucleus at the position 8 (14) . This structural feature was previously found in some sponge metabolites. The finding of these compounds in the polyhydroxysteroid fraction raises some questions concerning their origin in starfish. Probably, the presence of a ketone group at C-15 stimulates easy dehydratation with elimination of the hydroxyl group from C-8 and formation of unsaturated ketones 28-31. However, there is also a probability that similar compounds may be (34) contains an unprecedented side chain, but in this case it differs from others not only in alkylation/dealkylation features, but also in unusual positions of hydroxylation. The isolated compounds were tested for cytotoxicity against a small panel of human solid tumor cell lines and were shown to exhibit moderate to significant cytotoxicities [5, 6] . The tetraol 14, having an ED 50 = 0.01-0.15 μg/mL, was shown to be as well or more potent than doxorubicin against the SK-OV-3 (human ovarian cancer), XF498 (human CNS cancer), and HCT15 (human colon cancer) cell lines [5] , while the unsaturated steroid ketone 30 displayed a potency comparable to that of doxorubicin [6] .
A new polyhydroxysteroidal tauroconjugate, triseramide (37) , was isolated from the starfish Astropecten triseriatus collected in the Sea of Fiji [7] . [11] . These substances showed cytotoxic activities against fertilized eggs of the urchin Strongylocentrotus intermedius and inhibited their development with an IC min of 1.14×10 -7 and 1.16×10 -7 M, respectively.
A unique cytotoxic cyclopropane-containing polyhydroxysteroid, phrygiasterol (42) , was isolated from the Pacific starfish Hippasteria phrygiana [12] . It inhibited the growth of Ehrlich carcinoma cells with an IC 50 of 50 μg/mL. Phrygiasterol is the first polar cyclopropane-containing polyhydroxysteroid isolated from echinoderms. So far, cyclopropanecontaining steroids biogenetically related to the corresponding free sterols were found from sponges, soft and gorgonian corals.
Examination of the alcoholic extract of Henricia leviuscula yielded two new polyhydroxylated steroids (43) (44) containing unique 23,24-dihydroxy-and 24,25-dihydroxy-cholestane side chains, respectively [13] . The relative configurations of chiral centers C-23 and C-24 in 43 were determined as erythro by J-based configuration analysis [14] . To establish the absolute configuration in the side chain, 23,24-di-S-(-)-and 23,24-di-R-(+)-MTPA esters were obtained and the absolute configurations at C-23 and C-24 were assigned as (23R,24S) in 43 by the method proposed by Riguera's group [15] . The absolute configuration at C-24 in 44 was determined as (R) using the modified Mosher's method [16] . Recently a new steroidal hexaol (45) was obtained from Hippasteria kurilensis [17] . A unique polyhydroxylated sterol (46) with a 15β,16βisopropylidenedioxy unit was isolated from the starfish Asterina pectinifera collected near DaMaiDao, Qungdao, China [18] . Probably, 46 is an artificial product of the reaction of its precursor with acetone.
A new approach was proposed for the determination of five-membered cycle conformations in polyhydroxysteroids. It was based on molecular dynamics data followed by interpretation of NMR spin-coupling constants. It was shown that cycle D in different polyhydroxysteroids has an interjacent conformation between 13 T 14 and 13 E those [19] .
Thus, a series of polyhydroxylated sterol derivatives were isolated from different starfish species during [2001] [2002] [2003] [2004] [2005] [2006] [2007] showing great structural diversity of the corresponding natural products in the classAsteroidea and probably which have importance for the survival of the starfish Biological activities of these polyhydroxylated steroids were studied mainly in respect of their toxicity and cytotoxicity. Both the previously known data and the results obtained in this last work established, in the majority of cases, moderate values for the corresponding activities. However, recent findings of Korean scientists proved that some structural variants within this series may be highly active, and they present a basis for further search for new toxic agents against tumor cell lines.
Steroidal sulfates
Sulfated natural products are widespread in marine invertebrates, especially in echinoderms. Monosulfated sterols, found from representatives of all five living classes of Echinodermata, proved to be common starfish secondary metabolites. It is well known that starfish contain very complicated fractions of free sterols with a predominance of Δ 7 -sterols and stanols, while Δ 5 -sterols are minor constituents, originating from the diet. Part of the dietary sterols is transformed into sulfated sterols, and usually cholesterol is converted into cholesterol sulfate more effectively when compared with other dietary sterols. That is why cholesterol sulfate is a main component of the sulfated sterol fractions from many starfish [1] . It depends probably on the toxicity of their own oligoglycosides (asterosaponins), which may interact with membrane cholesterol of starfish cells. However, in some cases, not only cholesterol but also other sterols may be removed from membranes as a result of sulfation. This was confirmed by a recent study of free and sulfated sterols from the Far-Eastern starfish Leptasterias alaskensis asiatica and L. fisheri [20] . Eighteen free sterols were identified in L. alaskensis asiatica and L. fisheri, with 5α-cholest-7-ene-3β-ol and 24-methyl-5α-cholesta-7,24-diene-3β-ol as the main ones. Cholesterol sulfate (47) was found to be the activity in respect to the developing sea-urchin eggs was found for the tyrammonium salt (58) . The salt (58) was also isolated from the starfish Aphelasterias japonica [23] .
The study on the Chinese population of the starfish Asterias amurensis gave several previously known sulfates, including cholesterol sulfate (47), asterone sulfate sodium salt (53), 24,25-dihydromarthasterone sulfate sodium salt (59) , and tornasterol A sulfate sodium salt (55) , as well as the new 3β-O-sulfo-6αhydroxy-cholesta-9(11),20(22)-dien-23-one sodium salt (60) and 3β-O-sulfo-6α-hydroxy-ergost-9(11)en-23-one sodium salt (61) [24] .
Another group of new steroidal monosulfates is represented by polyhydroxysteroids containing a sulfate group at different positions of the steroidal nucleus and side chains found from different species of starfish. For example, two new sulfated pentaols (62-63) with sulfate groups in side chains were recently found from the starfish Henricia leviuscula [13] . Two new polyhydroxysteroids containing sulfate groups in the steroidal nucleus at either C-6 (64) or at C-15 (65) were isolated from Hippasteria phrigyana [25] and Trofodiscus uber [26] , respectively.
Reinvestigation of steroids from the Pacific starfish
Ctenodiscus crispatus yielded four sulfated polyhydroxylated compounds (62, 66-68), containing sulfate groups at C-26, along with the previously known sulfated hexaol (66), its new stereoisomer (67) , and the previously known sulfated steroid (62) [27] . The absolute stereochemistry at C-24 and C-25 in 66 was determined as (24R,25R), while the relative configuration in the side chain of 67 was established as either (24R,25S) or (24S,25R). 6-O-Sulfated heptaol (69) was found from Hippasteria kurilensis [17] .
Although steroidal disulfates were found in many marine invertebrates, including sponges and starfish, in ophiuroids they are the most characteristic secondary metabolites [1, 28] . Steroidal disulfates from ophiuroids differ from other marine disulfates in their structural features, namely in the presence of sulfate groups at the 3 and 21 positions. Quite recently, it was shown that some starfish belonging to the family Pterasteridae, in contrast with all other starfish species, also contain ophiuroid-type 3,21disulfates instead of either polyhydroxylated steroids or related mono-and biosides [29, 30] . Taking into account that representatives of the family have some unusual features of reproduction and that this taxon probably combines a group of living fossils, this fact is interesting for the understanding of phylogenetic relationships between the Asteroidea and Ophiuroidea classes. The last studies confirmed unusual steroid compositions in Pterasteridae. For example, two new steroidal ophiuroid-type disulfates (70, 71) were isolated from ethanolic extracts of the Far-Eastern starfish Pteraster pulvillus [31] . These compounds are disodium salts of the corresponding sulfated steroids. In addition, two unusual steroidal salts were obtained from the same starfish, namely the dityrammonium salt of (20R)-5α-cholestane-3α,21-diol 3,21-disulfate (72) , and the mixed sodium -tyrammonium salt (1:1) of (20R)-cholest-5-ene-3α,21-diol 3,21-disulfate (73) . All the compounds showed moderate hemolytic activities against mouse erythrocytes. Six steroidal ophiuroid-type disulfates were isolated from the Far-Eastern starfish Diplopteraster multipes, one of which (74) was a new steroid alcohol [32] . The study of the Far-Eastern starfish Pteraster obscurus and the ophiuroid Asteronyx loveni gave four new steroids (75-78) [33] . Compounds 76-78 represent a new group of marine steroids because they both have the ophiuroid's structure fragment (the sulfate group in the C-21 position) and a common 3β-hydroxy (or 3-O-sulfo group). All these data confirm the more closed phylogenetic relationship between the Asteroidea and Ophiuroidea classes compared with other living classes of Echinodermata. A new trihydroxysteroid disulfate (79) inducing the avoidance reaction of the sea urchin Strongylocentrotus nudus was isolated from the Japanese starfish Plazaster borealis [34] . To the best of our knowledge, it is the first disulfate from a starfish containing both sulfate groups attached to the tetracyclic nucleus.
Therefore, sulfation is a characteristic direction of biochemical transformations of steroids in starfish. Sulfate groups may be introduced into several different positions in the polycyclic system and/or side chains. Sulfated derivatives demonstrated various biological activities, including toxicity against developing sea urchin eggs and hemolytic properties. human T-cell leukemia virus type 1) [35] . In continuation of the study on the same starfish, four new glycosides named certonardosides K-N (90-93) were isolated. One of them (93) has a rare 3β,6α,15β-trihydroxylated steroid nucleus and a β-Dxylofuranosyloxy unit attached to C-24 [36] . Certonardosides K-M showed weak antibacterial activities against Streptococcus pyrogenes 308A, Pseudomonas aeruginosa 1771, and P. aeruginosa 1771M (MIC 25.0 μg/mL). Certonardoside N (93) also displayed similar antibacterial activity against
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Pseudomonas aeruginosa 1771 and P. aeruginosa 1771M. Besides the above-mentioned compounds, ten new certonardosides (94-103) were also obtained from C. semiregularis [5, 6] . Absolute configurations in the side chains of 99 and 100 were established as (24R) and (24S), respectively, by comparison of the NMR data of 24-hydroxymethylsterols obtained after acid hydrolysis of these compounds with those of synthetic (24R)-and (24S)-3α,5-cyclo-6β-methoxy-24-hydroxymethyl-5α-cholestane [37] . Comprehensive analysis of cytotoxicity of 94-101 and free polyhydroxysteroids (14-24) showed that polyhydroxysteroids were generally more potent than their corresponding glycosides, except for certonardosides P 1 (95) and J 3 (97 Compounds 111-113, 115, and 121 proved to be monosides with a free 26-hydroxy group in the side chains. Linckosides C (108) and D (109) were found to be the first starfish steroids possessing a hydroxyisopropyl substituent at C-24 in the side chains. All these compounds showed not only pronounced neuritogenic activities on clonal rat pheochromocytoma cell line PC12, but also significant synergistic effects on the NGF (nerve growth factor)-induced neuronal differentiation of PC12 cells. The structure-activity relationships suggest that both a carbon branch modified by a pentose at the side chain and 2-O-methyl-β-Dxylopyranose at C-3 of the glycon are important for neuritogenic activity. Structures resulting in greater activity are: 2-O-methyl ether of β-xylose at C-3; a carbon branching on the side chain; and a second pentose group in the side chain [42] . The continuation of this investigation revealed several important structure-activity relationships extending the precision and depth of previously known relationships: the C-24 carbon branching modified by pentose in the side chain is the best architecture; a pentose at the C-24 carbon branching is better than the same group at the side chain terminus; the 2-O-methyl ether of the C-3-attached xylose enhances the activity; the C-24 carbon branching itself is not important [43] . Further study of related compounds led to identification of another known steroidal glycoside, granulatoside A (122) [44] . It was found that 122 did not induce any neurite outgrowth in PC12 cells, but it potently enhanced the neuritogenic activity of NGF.
It was established that the enhancement of NGFinduced neuritogenesis by granulatoside A is attributable to both enhancement and maintenance of phosphorylation of MAP kinase ERK1/2 in PC12 cells, although the upstream pathways are unclear [44] .
The study of the Russian group on Linckia laevigata collected near the Vietnam coastline yielded a series of related glycosides, including seven new compounds designated as linckosides L1-L7 (123-129) [45] [46] [47] . The monosides linckosides L1 and L2 (123, 124) , having a saturated polyhydroxylated steroid aglycon and 2-O-methyl-βxylopyranose attached to C-3, were tested using mouse neuroblastoma (NB) C-1300 cells. Lifetime observations and analyses of silver impregnation preparations showed linckosides L1 and L2 to be capable of inducing neuronal differentiation like xylopyranosyloxy residue at C-24 in the cholestane side chains [26] . Leviusculoside J (150), a novel compound isolated from the starfish Henricia leviuscula [13] , showed a moderate hemolytic activity in the mouse erythrocytes assay. New biosides named as fuscasides A (151) and B (152) and containing two β-D-xylopyranosyl units at C-3 and C-24 were obtained from the ethanolic extract of the Far-Eastern starfish Lethasterias fusca. Fuscaside B proved to be a desulfated derivative of fuscaside A [54] . Simultaneously, a new desulfated analog of minutoside A, designed as distolasteroside D 7 (153), was isolated both from the starfish Lethasterias fusca [54] and on re-investigation of the Far-Eastern starfish Distolasterias nipon [55] . Also from D. nipon, the new compound distolasteroside D 6 (154) was isolated. It had been shown previously that distolasterosides D 1 , D 2 , and D 3 induce differentiation of the mouse neuroblastoma C-1300 cell culture, like neurotrophins [55] . Recent investigation of the Far-Eastern starfish Evasterias retifera gave two known sulfated xylosides, evasteriosides A (155) and B (156). The glycoside 155 has a β-Dxylopyranosyloxy residue at C-3 and a sulfate group at C-26, while 156 has a β-D-xylopyranosyloxy residue at C-24 and a sulfate group at C-3 in the aglycon moiety [56] .
Three new diglycosides named heffernanosides A (157), B (158), and C (159) were isolated from the starfish Celerina heffernani collected in New Caledonia. These compounds contain comparatively rare L-arabinopyranosyl units in the disaccharide carbohydrate chains [3] . The Antarctic starfish Diplasterias brucei was investigated and gave only the previously known asteriidosides H and L, and tornasterol A sulfate [57] .
Absolute configurations in side chains of the polyhydroxylated steroids isolated earlier from the starfish Henricia derjugini were determined by Mosher's method [58] . The chiral centers have a (24S) configuration in henricioside H 1 (160), the (24R,25S) configuration in henricioside H 2 (161), and the (24R,25R) configuration in henricioside H 3 (162) It should be noted that steroids containing the 24-methyl-26-hydroxycholestane side chain with a (24R,25R) configuration were found for the first time [58] .
Recently, three novel steroid triglycosides, designated as kurilensosides A, B and C (163-165), were isolated, along with a new diglycoside kurilensoside D (166) from the alcoholic extract of the Far-Eastern starfish Hippasteria kurilensis [17] .
Compounds 163-165 are the first glycosides of polyhydroxylated steroids containing two carbohydrate chains with three sugar units isolated from starfish. Kurilensosides B, C and D (164-166) contain rare carbohydrate moieties with (1→5) bonds between the monosaccharide units. Glycosides 164-166 showed moderate inhibitory activities in the sea urchin sperm test.
Hemolytic activities and cytotoxicity against developing eggs of the sea urchin Strongylocentrotus intermedius of polyhydroxysteroid glycosides isolated from different species with a predominance of those collected from the North-Western Pacific were studied. It was shown that mediasteroside M 1 from Mediaster murrayi, having a 2-O-methyl group in a xylose residue, showed lower activity than mediasteroside M 2 without this group.
Ceramasteroside C 2 from Ceramaster patagonicus, containing a 2,4-di-O-methyl-xylopyranosyl residue, was more active when compared with ceramasteroside C 3 containing 2-O-methylxylopyranose. Activities of rathbuniosides R 1 (four OH-groups, 144) and R 2 (five OH-groups, 145) from Asterias rathbuni, and culcitosides C 2 (six OHgroups) and C 3 (five OH-groups) from Culcita novaeguineae, an abundant species distributed in the South China Sea, were inversely proportional to the number of hydroxy groups in the aglycons. There was a correlation between cytotoxic and hemolytic activities. These results indicated also that salt concentration, temperature and pH values of media are important for hemolytic activities of the steroid glycosides [59] .
The remedial and preventive activities of two polyhydroxysteroids and three steroidal glycosides (pectiniosides A, B and C) from the starfish Asterina pectinifera on skin roughness were studied by Japanese scientists. These compounds inhibited the release of guinea-pig skin stratum corneum cells by 48-67% (control, 0%) at the dose of 2 mg/mL. It is suggested that the bioactivity of these compounds is connected with the remedial and preventive effects of an aqueous extract of A. pectinifera on rough human skin [60] .
Neurotrophic effects of a series of polyhydroxylated steroids and steroid glycosides from different Far-
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Eastern starfish species were examined using cultured neuroblastoma C-1300 cells. It was shown that these substances at concentrations of 2-10 μM stimulated the differentiation and improved the survival of neuroblastoma cells under adverse conditions (similarly to neurotrophins). The same substances in higher concentrations (20-40 μM) had either no effect or exhibited cytotoxic activities. The screening studies allowed us to select several compounds for further studies of their neurotrophic and neuroprotective properties [61] .
Earlier, the distribution of free sterols, polyhydroxysteroids and steroid glycosides in different body components of the Far-Eastern starfish Patiria (=Asterina) pectinifera had been studied. It was shown that free sterols and toxic steroid oligoglycosides were present in all body components. However, polyhydroxysteroids and glycosides of polyhydroxysteroids were found only in the stomach and pyloric caeca. It was suggested that some polyhydroxysteroids and related monoglycosides play the same biological role as bile alcohols and bile acids in vertebrates [62] . In continuation of the study, the influence of season on contents of polar steroids, including polyhydroxylated steroids and related glycosides in digestive organs of the starfish Patiria (=Asterina) pectinifera were studied. It was established that the content of polar steroids is related to the annual reproductive cycle and periods of active feeding of the starfish. Two peaks in concentrations of polar steroids in pyloric caeca and stomach were found, the first in winter during reorganization, and the second in summer during intensive gametogenesis before spawning. Seasonal variations of individual polyhydroxysteroids and related low molecular weight glycosides in pyloric caeca were also studied. Fractions containing these substances showed a fairly constant composition of steroids in digestive tissues of P. pectinifiera collected at the same locality near Vladivostok during several seasons [63] . All these data support the hypothesis that these compounds are involved in digestion in starfish [64] . A probable physiological role of polyhydroxylated steroids and related compounds as emulgators improving the food intake in starfish, like bile acids and bile alcohols in vertebrates, is supported by the finding of some conjugates with taurine, such as 37. Similar compounds are characteristic of the bile in lower vertebrates. However, the suggestion concerning the physiological role of polar steroids of this type in starfish requires experimental confirmation.
Mono-, bi-and recently discovered triglycosides of polyhydroxysteroids represent the most numerous structural group of polar steroids in starfish. The diversity of these natural products is a result of different stereochemistry and level of hydroxylation in aglycons, as well as the presence of one or two carbohydrate chains and sulfate groups. The main monosaccharides are xylose, arabinose and different methylated derivatives of xylose in pyranose and furanose forms. Galactose was indicated only in a few cases. 1,2-Bonds between monosaccharide residues was encountered in the majority of these natural products, but 1,4-, 1,5-and 1,6-bonds were also found.
Steroid oligoglycosides
Asterosaponins are steroid oligoglycosides containing a 3β,6α-dihydroxysteroid aglycone with a 9(11)-double bond, a sulfate group at C-3 and a carbohydrate chain containing, as a rule, five or six sugar units attached to C-6 of the aglycone. Glycosides of this structural group possess strong hemolytic and ichthyologic properties and are considered to defend starfish against predatory fish. Asterosaponins were discovered before other groups of starfish polar steroids and attracted more attention. However, isolation of new representatives of this structural group is continuing. In the last few years new asterosaponins have been found and new data concerning their biological activities and spectral properties were obtained.
Study of the starfish Culcita novaeguineae collected in the South China Sea led to a series of new asterosaponins. Novaeguinoside A (167) was isolated and structurally identified as asterone sulfate bearing a pentasaccharide carbohydrate chain [65] . Two new sulfated pentaglycosides, novaeguinosides I 168) and II (169) were also isolated from this starfish. Compound 169 contains a L-arabinosyl unit in the carbohydrate chain. Arabinose is a rare monosaccharide to be encountered in asterosaponins, which usually contain quinovose, fucose, xylose, glucose and galactose as sugar units. The carbohydrate moiety of 169 was reported for the first time. Novaeguinosides I and II showed moderate cytotoxicities against two human tumor cell lines: human leukemia K-562 cells and human hepatoma BEL-7402 cells [66] . Bioassay-guided fractionation of the n-BuOH extract C. novaeguineae resulted in the isolation of three new asterosaponins (170, 171 and 172) as active agents, causing a morphological Glycosides 170-172 possess the same pentasaccharide moiety, namely β-D-fucopyranosyl-( 1 → 2 ) -α -L -a r a b i n o p y r a n o s y l -( 1 → 4 ) -[ β -Dquinovopyranosyl-(1→2)]-β-D-xylopyranosyl-(1→3)-β-D-quinovopyranosyloxy, linked to C-6 of 3β-sulfated steroidal aglycons, and differ from each other in their side chains. Asterosaponins 170 and 172 showed significant cytotoxicity to the same two cancer cell lines, K-562 and BEL-7402, as well as hemolytic activity against rabbit erythrocytes, while 171 was inactive in these bioassays [67] . A further study of the n-BuOH extract of C. novaeguineae yielded a new asterosaponin (173), showing moderate cytotoxicity against K-562 and BEL-7402 [68] .
Chinese scientists investigated the mechanism of the antitumor action of asterosaponin 170 on human glioblastoma U87MG cells (IC 50 = 4.3 μg/mL). It was shown that 170 induced the prominent appearance of a sub-G1 peak in the cell cycle, followed by apoptosis. Western-blot staining showed the decrease of Bcl-2 protein expression and an increase of Bax protein expression. Overall, these data demonstrate that asterosaponin 170 is fully equipped for an efficient apoptotic killing of glioblastoma cells [69] .
Two new sulfated steroidal hexaglycosides, anasterosides A (174) and B (175), were isolated from the Patagonian starfish Anasterias minuta. These compounds were evaluated for their antifungal activities against the plant pathogenic fungus Cladosporium cucumerinum. Anasteroside A (174), lacking the hydroxy group at C-20, was the more active compound, while anasteroside B (175), containing the same hexaglycoside chain, but a shorter side chain, was inactive at all the tested concentrations [70] .
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Natural Product Communications Vol. 3 (10) an unique hexasaccharide carbohydrate chain with two branch lines and differing in 181 and 182 only in the second monosaccharide unit (xylose and quinovose, respectively). Compound 181 was identified as the first saponin-type natural product possessing inhibitory activity of the NaV1.8 canal (a member of the voltage-gated sodium channel family), with an IC 50 of ∼ 9μM [74] . Agents preventing the channel activity show promise as probable analgesics.
The complexity of asterosaponin fractions and their structural peculiarities required the application of modern techniques for their isolation and structural elucidation.
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As mentioned above, German scientists developed the matrix solid-phase dispersion (MSPD) method as a sample preparation technique that combines both sample homogenization and extraction of target asterosaponins. This screening procedure required only a sample amount of starfish in the 1-2 mg range. Homogenization of a sample of the North Sea starfish Asterias rubens, followed by the transfer with reverse-phased RP-18 material into a small column filled with the same RP-18, washing with water followed by mixtures of water-acetonitrile gave a fraction containing the asterosaponins. The following application of on-line liquid chromatography-nuclear magnetic resonance spectroscopy-tandem mass spectrometry led to identification of seventeen asterosaponins in the starfish, followed by isolation of new compounds. Electrospray ionization mass spectrometry was used for the rapid screening of two cytotoxic fractions obtained by purification of the ethanolic extracts of arms and central disks dissected from Heliaster helianthus. It was shown that, ESI-MS and ESI-MS/MS have great advantages for chemical screening and studies on asterosaponins and other polar steroids from starfish [75] .
Thus, asterosaponins as a structural group of characteristic secondary metabolites from starfish continue to attract attention by their structures and biological activities. They are related to each other by their aglycons, differing only in side chain structures. Carbohydrate chains of asterosaponins are characterized by the same architecture with, predominantly, one branch line at the second monosaccharide unit. As a rule, sugars are in pyranose forms and connected by β-glycosidic bonds. The links between the monosaccharide bonds are the same in the absolute majority of these natural products. The carbohydrate chains differ from each other in their monosaccharide sequences. This, along with the difference in side chains, provides a great diversity of these glycosides.
Conclusion
In total, more than 180 new polar steroids, including polyhydroxysteroids, steroidal sulfates and different glycosides have been found in recent years in starfish, while there was only one publication on these natural products from brittle stars [33] . The publication rate on new polar steroids from starfish has not decreased when compared with the previous period. Actually, about twenty new oligoglycosides (asterosaponins) were discovered in 1993-2000 [1] in comparison with fifteen in 2001-2007. Mono-and biosides of polyhydroxysteroids gave about 70 new structures in 1993-2000 [1] in comparison with approximately 80 in the years 2001-2007. The studies were carried out by Korean, Chinese, Japanese, Argentinean, German, Italian, American, and Russian scientists with the majority of publications from the last country. Samples of starfish were collected predominantly from cold waters, including the North-Western Pacific and Antarctic, although some tropical and subtropical species were also investigated.
The great structural diversity of the starfish steroids gives evidence of the wide evolutionary search for new chemical means capable of carrying out some important starfish biological functions. These remain unstudied in detail, except for some suggestions concerning a defensive role of asterosaponins and a probable participation of polyhydroxylated steroids and their mono and diglycosides in digestion processes. The spectrum of biological activities of starfish polar steroids has became wider in the last few years when Korean scientists found several super toxic agents against tumor cells, while Japanese and Russian scientists studied a promising neuritogenic action of different polyhydroxysterols and their derivatives. Interesting antifungal properties were found by Argentinean chemists for several polar steroids from Patagonian starfish.
Thus, the analysis of literature data for [2001] [2002] [2003] [2004] [2005] [2006] [2007] has shown that studies on polar steroids from starfish are making impressive progress by the discovery of both new structures and biological activities. Such findings are attracting new scientific groups and geographical areas for sampling.
